Introduction.
The purpose of the investigation is to examine the consequences of certain approximations that are normally employed in the studies of large scale atmospheric processes. In order to achieve this end, one may consider perturbations on the following rather simple model. It consists of two incompressible fluids of constant but different densities superimposed one on top of the other in a gravitationally stable configuration on a plane of constant rotation. Each fluid layer has a finite depth and has a constant translational velocity in the positive x-direction. The existence of non-zero velocities in the ground state on a rotating plane brings into play coriolis forces, which then will have to be balanced by counteracting pressure gradient forces in order to have a.balanced initial state.
These are generated by the interface between the two fluids, as well as the free surface, sloping away from the horizontal at an appropriate angle.
The problem as stated above may be looked at as a re-formulation of the Kelvin-Helmholtz instability problem on a rotating plane as, for example, considered by Chandrasekhar (1961) . However in the latter case, the fluids are of infinite depth so that the perturbations are necessarily non-hydrostatic in their dynamics. In the present formulation of the problem, the perturbation dynamics are hydrostatic since the fluids are of finite depth and the horizontal scales of motions are much larger than the depth scale. Further Chandrasekhar (1961) ignores the interfacial slope required to balance the coriolis forces in the basic state. This slope is responsible for generating the rotational modes of oscillation in a hydrostatic system and cannot be ignored here. Since now the interface and the free surface slope at an angle to the hor~zontal, we need to insert boundaries in the lateral direction to prevent the interface from either touching the ground or the free surface. In order to avoid this, we introduce an approximation in which we treat the depths of the fluid layers as constant except when these depths occur in a differentiated form in the governing equations. Approximations of this type are quite common in studies of large scale atmospheric dynamics (Phillips 1951 ).
This approximation makes the coefficients in the governing differential equations constants and since there are no lateral boundaries at which vanishing normal velocity requirements have to be satisfied, one can immediately seek oscillatory solutions to the problem.
In the following sections, we set up the dynamical equations for the perturbations and obtain an equation relating the phase speed c of the perturbations to other parameters of the problem. This characteristic equation is then analysed under certain approximations. Two aspects of the problem will be considered in particular: (a) the effect of the free surface on the gravitational mode (Kelvin-Helmholtz) instability, and (b) the effects of the internal gravity modes of oscillation on the rotational (quasi-geostrophic) mode instability.
Characteristic equation
The basic state as described in the preceding section is given by dh] dy Where hI and h2 are the depths of the lower and upper layers. Ul and U2 are the speeds in each layer in the ground s.tate and these are taken as constants. e; is the density ratio (P~Pl) and in general O<e;<l, f is -3-the coriolis parameter and g is the acceleration due to gravity. The dynamical equations for a two-layer quasi-static system are then linearised about this state of equilibrium. The vorticity and divergence equations are now formulated: This is a bi-quadratic equation representing two external gravitational modes and two internal gravitational modes.
Case (al): Internal gravitational modes only
One can introduce an approximation in (3.1) to filter the external gravity waves without going to the extent of putting a rigid top on the model. If one considers equation (3.1) in the limit of 0 2 «1, then we obtain l-E so that the stability criterion in this case may be written as
This criterion shows that instability once realised would persist for all higher values of shear. This may be compared with the case of a two-fluid system with a rigid top. The transition from a stable to unstable regime for the internal gravitational modes is then given by the condition
When 6 is in the range given by (3.5), we obtain instability and outside this range we have stability. This is a rather interesting result because it shows that after obtaining instabil.ity at a certain critical value of the shear represented by the lower limit l-~, we once again go back to a stable regime after the shear reaches another critical value which implies that EU2 -Ul~ U2 -Ul, which is a reasonable approximation since E ~l for most practical purposes. The characteristic equation
In the normal case of a physical system containing rotational and gravitational modes, the quasi-geostrophic approximation which is used to filter out the gravitational modes is 0(1+,)2 « (l+A). (3.8)
On using this approximation along with the definition of y given in (3.6) equation (3.7) reduces to Equation (3.9) then shows that instability is realised for all wave lengths.
l-;-Z-<1-<1+17
(3.9) (3.10)
From the definition of A, we see that I-is proportional to wave length of the perturbations. Hence the lower limit of (3.10), I-= 1 -1 7
represents the short wave cut-off for instability corresponding to Eady's (1949) 
In the preceding classification, there is an important difference between the unstable modes obtained in cases (i), (ii), on one hand and case (iv) on the other hand. The unstable modes belonging to cases (i) and
(ii) are characterised by having a zero real part for L -that is, 
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.015 ------. .... 8 all of which have non-zero real parts T , i.e. case (iv) of Table 1 . As r Q is increases, the T of the mixed gravity-rotational mode changes r until another value of 0 is reached where we pass into a stable region.
At this point T., of course, goes to zero and the gravitational and The ha1f-circ1es-p1us-squares represent the mixed modes. In each figure the mixed mode instability (case iv of Table 1 ) is represented by the third diagram, and the pure gravitational mode instability (case i of Figure 4 is an example of case (ii) of Table 1 , i.e., rotational modes independent of one another.
Summary and Conclusions
The problem of dynamic stability of a two-fluid system with a free surface has been examined. When there is no rotation, one obtains the 
